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to left or right by itself to reveal food,
most push it in the same direction
themselves on their first attempt.
Such affordance learning may have
played a role in the behavior of one
rook in the original study [15] which
dropped stones down the tube after
seeing another bird do so. Again,
further tests are called for.
It is always easier to explain animal
behavior anthropomorphically, as
reflecting human-like concepts or
understanding, than to imagine other
ways of responding to observable
cues. The deconstructionist approach
to ‘insightful behavior’ in the present
study [4] makes a noteworthy advance,
but more remains to be done to analyse
the processes underlying the birds’
novel use of stones in this and earlier
[15,16] studies. Manipulating
experience with stones or other
relevant objects prior to the experiment
should be part of these investigations
as by itself no amount of learning
about the apparatus in the absence
of stones will explain why the birds
then bring and use stones. New
Caledonian crows are uncommon
in laboratories, as reflected by the
small number of animals in the present
study [4]. The fact that members of at
least one more readily available
species, rooks, behave similarly with
tools should make such projects
practical.
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A new study of fission yeast cell division has revealed a coupling between
cytoplasmic partitioning and the turning-off of cytokinesis signalling that
may be mediated by asymmetric protein distribution.Evelyn Lattmann, Andrea Krapp,
and Viesturs Simanis*
As their common name would
imply, cells of the fission yeast
Schizosaccharomyces pombe divide
by medial fission. A contractile ring
is assembled at the centre of the cell
during mitosis; at the end of anaphase,
contraction of the contractile ring
guides synthesis of the septum that
bisects the cell. A group of protein
kinases which collectively form what
is known as the ‘septation initiation
network’ (SIN) is essential for
cytokinesis. Loss of SIN signalling
produces multinucleate cells, while
constitutive activation of the SIN
results in multiseptated cells [1].
The SIN also collaborates with the
anillin-related protein mid1p topromote contractile ring assembly
early in mitosis [2]. Two long-standing
questions in the field are what activates
the SIN at the end of anaphase and how
it is turned off after the completion
of cytokinesis; a recent study [3] of a
fission yeast protein known as etd1p
suggests some answers.
SIN signalling originates from the
spindle pole body (SPB), and is
modulated by the nucleotide status
of the GTPase spg1p (Figure 1A).
This is regulated in part by the
GTPase-activating protein (GAP)
cdc16p, with which spg1p interacts
through a scaffold protein, byr4p.
SIN proteins segregate asymmetrically
during mitosis (Figure 1B). SPB
duplication in S. pombe is conservative,
generating distinguishable ‘old’ (o-) and
‘new’ (n-) SPBs [4]. Spg1p interactswith cdc7p during mitosis, initially on
both SPBs, where low levels of byr4p,
but not cdc16p, are also present.
During anaphase B, the cdc7p signal
at the oSPB grows fainter while the
nSPB becomes brighter, reaching
a maximum as the SPBs approach
the cell tips. The signals of the GAP
proteins also increase in intensity
throughout anaphase, but at the oSPB
[5]. To date, no role has been ascribed
to this asymmetric protein distribution.
Etd1p was proposed previously to
provide a link between the contractile
ring and the SIN [6]. Loss of etd1p
function produces a multinucleate
SIN-mutant phenotype and it is
required to maintain the SIN in an
active state [6]. Etd1p is essential [6],
but only at low temperatures [3].
Epistasis analysis suggests the etd1p
acts upstream of spg1p [3], or in
a feedback loop [6]. GFP-tagged etd1p
is located at the cell tips in interphase
and during the early stages of mitosis.
A medial cortical band is also seen
early inmitosis. At the end of anaphase,
when the SIN is presumed to
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Figure 1. Components of the SIN and their localisation during mitosis.
(A) A simplified representation of the SIN. Signalling is thought to be modulated by the nucle-
otide status of spg1p. This is determined by the balance of a GAP, spontaneous nucleotide
exchange, and a putative GEF, perhaps etd1p. The question mark reflects uncertainty over
the exact role of etd1p. Spg1p-GTP associates with cdc7p. Signal transmission requires the
activity of two other kinases (sid1p and sid2p) and their associated subunits. These proteins
associate with the SPB via a tripartite scaffold composed of ppc89, sid4 and cdc11 (not shown
here for the sake of simplicity). At the time of septum formation, sid2p–mob1p associates with
the medial region. (B) A representation of the constellation of SIN proteins present at the oSPB
(red) and nSPB (green) in late anaphase, prior to spindle breakdown. For simplicity, the spindle
and cell outline are not shown. The asymmetric presence of cdc7p at the nSPB is frequently
used as a proxy for SIN activation — for example, in the new study discussed in the text
[3] — though it is not yet established to what extent localisation reflects activity.be activated for cytokinesis, the
GFP–etd1p signal disappears from
the cortex and then localises at the
division site during septation [3,6]; this
may depend upon SIN activity. Strong
overexpression of etd1p produces
a SIN phenotype [6], in part by
sequestration of spg1p [3]; moderate
expression of GFP–etd1p will permit
cytokinesis when SIN activity is
reduced, or spindle extension is
compromised [3]. Etd1 mRNA
accumulates periodically, peaking
in late G2/mitosis; this periodicity is
reflected in the steady-state level of
etd1p–HA (a tagged form of etd1p),
which is degraded at the end of
cytokinesis [6].
What Activates the SIN at the End
of Anaphase?
Broadly, the new study [3] suggests
that, as the spindle poles approach
the cell tips, the proximity to etd1p
localised there increases the amount
of cdc7p and results in activation of
the SIN (Figure 2). At present, the
mechanism underlying the increase
of nSPB cdc7p signal during anaphase
remains unresolved; for example,
it is not known whether the total
amount of spg1p and/or spg1-GTP
increases at the nSPB. Another
important parameter that might
contribute to changes in the level
of cdc7p at the nSPB is the rate
of protein turnover at the SPBs.It is noteworthy that, in the budding
yeast Saccharomyces cerevisiae,
the residence time of proteins of
the mitotic exit network (MEN) — the
budding yeast counterpart of the
SIN — at the SPBs affects their
steady-state levels at the SPB during
anaphase [7] and in response to
spindle orientation [8,9]. Etd1p
shows homology to CDC25-related
GEF-domains; but although etd1p has
Figure 2. A model for the role of etd1p in
regulating SIN signalling.
The size of the green dots reflects the intensity
of the cdc7p signal (green) and reassembled
GAP (red). Note that the signals become
more intense through anaphase. The first cell
at the top shows a cell in metaphase: cdc7p
is present at both SPBs and the GAP has
been disassembled. The second and third
cells show that, during early anaphase B, the
SPBs already show different constellations
of proteins, and the signals grow brighter as
the SPBs approach the tips. For the nSPB,
this is proposed to be due to an etd1-depen-
dent increase in the level of spg1-GTP. In the
fourth cell, the spindle has broken down and
the contractile ring is contracting, etd1p is
found in the cytoplasm and at the division
septum (black bar in the medial region). An
equilibrium exists between etd1p stimulating
the SIN and SIN-dependent inactivation of
etd1p. In the fifth and sixth cells, etd1p is no
longer being made, SIN activity inactivates
the remaining etd1p, and then decays as
etd1p is required for SIN activity. Etd1p is rep-
resented in blue, as a gradient from the cell
tips. The blue arrow indicates etd1 activation
of the SIN, the black T represents SIN inhibi-
tion of etd1p activity.been shown to bind spg1p in vitro, no
GEF activity has been demonstrated
[3]. The mechanism by which etd1p
activates the SIN remains to be
determined. An interesting parallel can
be drawn between the behaviour of
etd1p and that of Lte1p in the MEN; in
S. cerevisiae, Lte1p is only required for
mitotic exit at low temperatures, and it
also contains a GEF domain, though
this is not required for the protein’s
essential function [10].
Turning the SIN off after Cytokinesis
The SIN must be turned off after
completion of cytokinesis to prevent
additional rounds of septation.
Simultaneous visualisation of cdc7p
and a contractile ring protein reveals
a correlation between contractile ring
closure and removal of cdc7p from the
nSPB [3]. Examination of S. pombe
dikaryons [11] revealed that when
one daughter cell inherits both nSPBs,
SIN inactivation still occurs when the
contractile ring closes; in contrast,
cdc7p remains for longer on the
nSPBs after ring closure if each cell
acquires both a nSPB and an oSPB.
Interestingly, GFP–etd1p behaves
asymmetrically after cytokinesis;
the steady-state level of GFP–etd1p
decreases in the cell that inherited
the nSPB, and increases in the other.
Taken together, these data prompt
the authors [3] to posit a feedback
mechanism in which asymmetric SIN
etd1etd1
etd1
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resetting (Figure 2). Globally, their
model proposes that etd1p is required
for SIN activation, but that the active
SIN in its turn inactivates etd1p,
perhaps by promoting its degradation.
During anaphase, the balance initially
favours etd1p, and it promotes an
increase in SIN activity. At the time
of septum formation when etd1
expression declines [6], the active
SIN gains the upper hand, and etd1p
activity declines. As etd1p is required
for SIN activity, SIN signalling from the
nSPB is auto-extinguishing (Figure 2).
The APC/C subunit nuc2p has been
implicated in resetting the SIN [12]; it
will be of interest to determine whether
it is involved in the degradation of
etd1p.
The new paper [3] shows that
cells expressing elevated levels of
GFP–etd1p retain some cdc7p on
the nSPB after cleavage, consistent
with a delay in resetting the SIN.
Filming of dikaryons suggests that
SIN asymmetry is required for the
differential changes in etd1p level
that are observed in the daughter
cells. The mechanism whereby
closure of the contractile ring is
coupled to SIN inactivation remains to
be elucidated. This study does not
address what establishes the initial SIN
asymmetry in anaphase B, though cdk
inactivation is clearly important [13,14].
In SIN mutants, the GAP remains
asymmetric [15,16], suggesting that
the establishment of SIN protein
asymmetry is mediated via the GAP,
though this remains conjectural.
In summary, this paper [3] sheds new
light on SIN regulation and builds upon
the earlier proposition [6] that etd1p
degradation could be coupled to SINCircadian Clocks: E
Shadows
As scientists, we strive for highly contro
however, is noisy. Complex networks ar
environment.
Martha Merrow*
and Marc F.P.M. Maas
The field of genetics has elaborated
amultitude of partially defined complexinactivation, incorporating a role for
the mitotic asymmetry of the SIN
proteins. Understanding how the
mutual regulation of etd1p and the
SIN works will be of great interest.
We speculate that if etd1p activates
the SIN, then perhaps the contractile
ring-dependent medial pool of
GFP–etd1p observed in early mitosis
[6] contributes to the SIN’s early mitotic
activity in contractile ring formation.
Finally, we note that the observation
that the progeny of a single division
differ with regard to their treatment
of GFP–etd1p provides another
instance of an asymmetric event in
the ‘symmetric’ fission yeast cell, which
include the regulation of mating-type
switching [17], maturation of spindle
pole bodies over two cell cycles
[4], and the growth pattern and
segregation of cell polarity factors
[18]. It will be of interest to determine
whether the SPB inherited by a cell
affects any other aspects of its biology.
References
1. Krapp, A., and Simanis, V. (2008). An overview
of the fission yeast septation initiation network
(SIN). Biochem. Soc. Trans. 36, 411–415.
2. Roberts-Galbraith, R.H., and Gould, K.L. (2008).
Stepping into the ring: the SIN takes on
contractile ring assembly. Genes Dev. 22,
3082–3088.
3. Garcia-Cortes, J.C., and McCollum, D. (2009).
Proper timing of cytokinesis is regulated by
Schizosaccharomyces pombe Etd1. J. Cell
Biol. 186, 739–753.
4. Grallert, A., Krapp, A., Bagley, S., Simanis, V.,
and Hagan, I.M. (2004). Recruitment of NIMA
kinase shows that maturation of the S. pombe
spindle-pole body occurs over consecutive cell
cycles and reveals a role for NIMA in
modulating SIN activity. Genes Dev. 18,
1007–1021.
5. Simanis, V. (2003). Events at the end of mitosis
in the budding and fission yeasts. J. Cell Sci.
116, 4263–4275.
6. Daga, R.R., Lahoz, A., Munoz, M.J., Moreno, S.,
and Jimenez, J. (2005). Etd1p is a novel protein
that links the SIN cascade with cytokinesis.
EMBO J. 24, 2436–2446.volution in the
lled conditions. The real world,
e a coping mechanism for an erratic
networks. An excellent example is the
molecular mechanism driving the
circadian biological clock (Figure 1).
The clock is a fundamental process
that permeates biology at all levels,7. Molk, J.N., Schuyler, S.C., Liu, J.Y., Evans, J.G.,
Salmon, E.D., Pellman, D., and Bloom, K.
(2004). The differential roles of budding
yeast Tem1p, Cdc15p, and Bub2p protein
dynamics in mitotic exit. Mol. Biol. Cell 15,
1519–1532.
8. Caydasi, A.K., and Pereira, G. (2009).
Spindle alignment regulates the dynamic
association of checkpoint proteins with
yeast spindle pole bodies. Dev. Cell 16,
146–156.
9. Monje-Casas, F., and Amon, A. (2009). Cell
polarity determinants establish asymmetry in
MEN signaling. Dev. Cell 16, 132–145.
10. Cooper, J.A., and Nelson, S.A. (2006).
Checkpoint control of mitotic exit–do
budding yeast mind the GAP? J. Cell Biol.
172, 331–333.
11. Okazaki, K., and Niwa, O. (2008). Dikaryotic
cell division of the fission yeast
Schizosaccharomyces pombe. Biosci.
Biotechnol. Biochem. 72, 1531–1538.
12. Chew, T.G., and Balasubramanian, M.K. (2008).
Nuc2p, a subunit of the anaphase-promoting
complex, inhibits septation initiation network
following cytokinesis in fission yeast. PLoS
Genet. 4, e17.
13. Dischinger, S., Krapp, A., Xie, L., Paulson, J.R.,
and Simanis, V. (2008). Chemical genetic
analysis of the regulatory role of Cdc2p in the
S. pombe septation initiation network. J. Cell
Sci. 121, 843–853.
14. Guertin, D.A., Chang, L., Irshad, F., Gould, K.L.,
and McCollum, D. (2000). The role of the sid1p
kinase and cdc14p in regulating the onset of
cytokinesis in fission yeast. EMBO J. 19,
1803–1815.
15. Li, C., Furge, K.A., Cheng, Q.C., and
Albright, C.F. (2000). Byr4 localizes to
spindle-pole bodies in a cell cycle-regulated
manner to control Cdc7 localization and
septation in fission yeast. J. Biol. Chem. 275,
14381–14387.
16. Sohrmann, M., Schmidt, S., Hagan, I., and
Simanis, V. (1998). Asymmetric segregation on
spindle poles of the Schizosaccharomyces
pombe septum-inducing protein kinase Cdc7p.
Genes Dev. 12, 84–94.
17. Egel, R. (2005). Fission yeast mating-type
switching: programmed damage and repair.
DNA Rep. 4, 525–536.
18. Martin, S.G. (2009). Microtubule-dependent cell
morphogenesis in the fission yeast. Trends Cell
Biol. 19, 447–454.
EPFL SV ISREC UPSIM, SV2.1830, Station
19, CH-1015 Lausanne, Switzerland.
*E-mail: viesturs.simanis@epfl.ch
DOI: 10.1016/j.cub.2009.10.012creating a temporal structure that
serves to anticipate what is needed by
the cell and the organism, and when.
Originally characterized as a simple,
single feedback loop, the molecular
circadian network is presently
described as a collection of
transcription factors that form
interlocked loops [1]. In an attempt to
understand the inherent complexity of
the circadian clock, a group of systems
biologists, as reported in this issue of
Current Biology, has applied (relatively)
unbiased iterative modeling to the
